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The University of California, San Francisco, announced in 2011 Cancer of the Prostate Risk 
Assessment Postsurgical (CAPRA-S) score which included pathologic data, but there were 
no results for comparing preoperative predictors with the CAPRA-S score. We evaluated 
the validation of the CAPRA-S score in our institution and compare the result with the 
preoperative progression predictor, CAPRA score. Data of 130 patients were reviewed who 
underwent radical prostatectomy for localized prostate cancer from 2008 to 2013. 
Performance of CAPRA-S score in predicting progression free probabilities was assessed 
through Kaplan Meier analysis and Cox proportional hazards regression test. Additionally, 
prediction probability was compared with preoperative CAPRA score by logistic regression 
analysis. Comparing CAPRA score, the CAPRA-S score showed improved prediction ability 
for 5 yr progression free survival (concordance index 0.80, P= 0.04). After risk group 
stratification, 3 group model of CAPRA-S was superior than 3 group model of CAPRA for 
3-yr progression free survival and 5-yr progression free survival (concordance index 0.74 
vs. 0.70, 0.77 vs. 0.71 , P< 0.001). Finally the CAPRA-S score was the more ideal predictor 
concerned with adjuvant therapy than the CAPRA score through decision curve analysis. 
The CPARA-S score is a useful predictor for disease progression after radical prostatectomy. 
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INTRODUCTION 

A radical prostatectomy is the most common primary treatment 
for clinically localized prostate cancer (1). In terms of cancer 
control, a radical prostatectomy gives good results when the 
cancer is confined within the prostate (2). Nevertheless, approx- 
imately one third of patients will experience biochemical recur- 
rence as shown by prostate-specific antigen (PSA) elevation 
within 10 yr after a prostatectomy (3-6). An unfavorable pathol- 
ogy such as extraprostatic disease is detected at prostatectomy 
in 52% of the patients and is associated with biochemical recur- 
rence (7-10). Consequently, proper risk stratification after pros- 
tatectomy is important for individualized treatment and patient 
counseling. 

To facilitate risk stratification, many nomograms and predic- 
tors have been developed. The Cancer of the Prostate Risk As- 
sessment (CAPRA) score is one of them. After the CAPRA score 
was introduced for preoperative prostate cancer risk stratifica- 
tion, its validity was assessed and relatively good predictability 
was found (11-19). To improve the accuracy of prediction, the 
pathology findings were added which was named as CAPRA-S 



score was developed by The University of California, San Fran- 
cisco (13). Recently, its external validity was studied using the 
Shared Equal Access Regional Cancer Hospital (SEARCH) da- 
tabase and the results validated its effectiveness and ability to 
predict biochemical recurrence following surgery (20). Howev- 
er, no study has compared the validity of the CAPRA-S score 
with preoperative predictors in Asian populations. 

Therefore, this study examined the validity of the CAPRA-S 
score in our institution and its superiority to other preoperative 
predictors, especially the CAPRA score, which has been validat- 
ed in large, multi-institutional and head-to-head studies (17, 20). 

MATERIALS AND METHODS 

A total of 130 patients who underwent prostatectomy between 
2008 and 2013 by a single surgeon as analyzed retrospectively. 
The sum of scores of each variables were calculated for CAPRA- 
S score and CAPRA score. The CAPRA-S scores were calculated 
using the variables and each scores described in Table 1 (13) 
and the CAPRA scores were calculated in the same manner 
with only preoperative variables (21). Fifteen patients were ex- 
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Table 1 . Distribution of the data according to the CAPRA-S and CAPRA scores 



Variables 


Range (points) 


No. (%) 


CAPRA-S score 


Pathology Gleason score 


2-6 (0) 


26 (20) 




3+4 (1) 


51 (39.2) 




4+3 (2) 


40 (30.8) 




8-10(3) 


13(10) 


PSA at diagnosis 


0-6 (0) 


32 (24.6) 




6.1-10(1) 


37 (28.5) 




10.1-20 (2) 


33 (25.4) 




> 20 (3) 


28 (21 .5) 


Extracapsular extension 


Absent (0) 


84 (64.6) 




Present (1) 


46 (35.4) 


Seminal vesicle invasion 


Absent (0) 


120 (92.3) 




Present (2) 


10(7.7) 


Surgical margin status 


Negative (0) 


84 (64.6) 




Positive (2) 


46 (35.4) 


Lymph node invasion 


Negative (0) 


125 (96.2) 




Positive (1 ) 


5 (3.8) 


CAPRA score 


PSA (ng/mL) 


2.0-6.0 (0) 


32 (27.8) 




6.1-10.0(1) 


35 (30.4) 




10.1-20.0 (2) 


28 (24.3) 




20.1-30.0(3) 


12(10.4) 




> 30 (4) 


8(7) 


Biopsy Gleason score 


1-3/1-3 (0) 


49 (42.6) 




1-3/4-5 (1) 


24 (20.9) 




4-5/1-5 (3) 


42 (36.5) 


Clinical T stage 


T1/T2 (0) 


106 (92.2) 




T3a (1) 


9 (7.8) 


Percent positive biopsies 


< 34% (0) 


83 (72.2) 




> 34% (1) 


32 (27.8) 


Age at diagnosis (yr) 


< 50 (0) 


0(0) 




>50 (1) 


115(100) 



eluded from the CAPRA score group because there were no in- 
formation about percent positive biopsies. The patients were 
divided into two groups: each score group and a three-risk level 
group model (low, intermediate, and high risk). The each score 
group model means which was stratifying by CAPRA score sum 
from 0 to 10 point. And of the three-risk group model, low risk 
groups were 0-2 point and intermediate risk groups were 3-5 
point, high risk groups were above 6 point of CAPRA-S score 
sum (Table 2). Biochemical recurrence after radical prostatec- 
tomy was defined as two consecutive PSA values > 0.2 ng/mL 
at any time postoperatively or any additional treatment more 
than 6 months after the prostatectomy. 

The ability of the CAPRA-S score to predict the 3- and 5-yr 
progression-free probabilities at our institution was examined. 
In addition, the 5-yr progression-free probabilities of each score 
group and the three risk groups were analyzed using Kaplan- 
Meier analysis and the Cox proportional hazards regression. Fi- 
nally, the prediction probability of the CAPRA-S score and pre- 
operative CAPRA score were compared through logistic regres- 
sion analysis with calculated concordance index (c-index) and 
decision curve analysis. The statistical analysis was supported 
by Clinical Trail Center, Inje University Busan Paik Hospital. 



Table 2. Distribution of patients according the CAPRA-S score and three-risk-group 



model 


Groups 


No. (%) 


CAPRA-S each score group 




0 


8 (6.2) 
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20 (15.4) 
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13(10) 


6 


9 (6.9) 
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7 (5.4) 


8 


7 (5.4) 


>9 


10(7.7) 


CAPRA-S risk group 




Low risk (0-2) 


39 (30) 


Intermediate risk (3-5) 


58 (44.6) 


High risk ( > 6) 


33 (25.4) 



Table 3. The 5-yr progression-free probabilities for the CAPRA-S score groups and 
three-risk-group model 



Groups 


P value 


HR (95% CI) 


PGPs (95% CI) 


CAPRA-S each score group 






0-2 


ref 


1 


95.8 (73.9-99.4) 


3 


0.339 


3.2 (0.3-35.6) 


89.4 (63.8-97.3) 


4 


0.263 


3.9 (0.4-43.5) 


86.1 (53.3-96.5) 


5 


0.456 


2.9 (0.2-46.0) 


92.3 (56.6-98.9) 


6 


0.017 


14.3(1.6-128.6) 


51.9(16.4-78.8) 


7 


0.193 


6.3(0.4-101.0) 


85.7 (33.4-97.9) 


8 


0.058 


10.3(0.9-113.4) 


71.4(25.8-92.0) 


>9 


0.009 


17.7(2.1-151.4) 


45 (13.9-72.4) 


CAPRA-S risk group 








Low 


ref 


1 


95.8 (73.9-99.4) 


Intermediate 


0.266 


3.5 (0.4-29.0) 


88.9 (75.0-95.3) 


High 


0.014 


13.1 (1.7-100.7) 


56.9 (36.0-73.3) 



HR, hazard ratio; CI, confidence interval; PGPs, progression-free probabilities. 



Ethics statement 

This study protocol was reviewed and approved by the institu- 
tional review board of the Inje University Busan Paik Hospital 
(IRB number 13-223). Informed consent was waived due to the 
retrospective design of the study. 

RESULTS 

Recurrence occurred in 13.8% of the 130 patients at a median of 
13 months (SD 12.1). There was wide distribution of CAPRA-S 
scores and 25.4% of the patients had scores > 6; these constitut- 
ed the high-risk group (Table 2). 

The 5-yr progression-free probabilities for each CAPRA-S score 
group and the three risk groups are shown in Table 3 and illus- 
trated in Fig. 1 with Kaplan-Meier curves. For each CAPRA-S 
score, the progression of disease increased with the risk, although 
this trend was not significant and had no consistency. Never- 
theless, the results from the three -risk- group model showed 
statistical significance in terms of disease progression with in- 
creasing risk. Especially in the high-risk group (CAPRA-S score 
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Fig. 1. The 5-yr biochemical-progression-free probabilities stratified by CAPRA-S score group (A) and the three-risk-group model (B) using Kaplan-Meier curves. 



Table 4. Comparison of the c-index for progression-free probabilities using logistic 
regression between the CAPRA-S and CAPRA scores 



PGPs 


Variables 


C-index (95% CI) 


P value 


3-yr 


CAPRA-S score 


0.76 (0.64-0.89) 


0.414 




CAPRA score 


0.74 (0.62-0.86) 






CAPRA-S risk group 


0.74 (0.61-0.86) 


< 0.001 




CAPRA risk group 


0.70 (0.56-0.83) 




5-yr 


CAPRA-S score 


0.80 (0.70-0.91) 


0.040 




CAPRA score 


0.77 (0.66-0.87) 






CAPRA-S risk group 


0.77 (0.67-0.88) 


< 0.001 




CAPRA risk group 


0.71 (0.59-0.83) 





HR, hazrard ratio; CI, confidence interval; CAPRA, cancer of the prostate risk assessment. 



> 6), the 5-yr progression-free probability was 56.9% and its haz- 
ard ratio was 13.1 (P = 0.014; Fig. IB). 

The CAPRA-S score had a higher c-index than the CAPRA 
score. Except for the 3-yr progression-free probability, the pre- 
diction ability of the CAPRA-S score was superior (Table 4). The 
c-index of each CAPRA-S score group for the 5-yr progression- 
free probabilities was 0.80, while that of each CAPRA score group 
was 0.77 (i 5 = 0.041). In the three-risk-group model of the CAP- 
RA-S score, the 3- and 5-yr progression-free probabilities were 
significantly higher than for the CAPRA score. The c-index for 
the 3- and 5-yr progression-free probabilities of the CAPRA-S 
score was 0.74 and 0.77, respectively, while that of the CAPRA 
score was 0.70 and 0.71 (P < 0.001). 

Finally, the decision curve analysis comparing the CAPRA-S 
and CAPRA scores indicated a better net benefit of appropri- 
ately identifying patients for adjuvant therapy with both scoring 
systems (Fig. 2). Although the CAPRA-S score did not cover all 
of the threshold probabilities, it resulted in a more ideal curve 
than the CAPRA score and both curves did not locate below of 
the reference curves. 

DISCUSSION 

The CAPRA score has been validated externally in the US and 
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Fig. 2. Decision curve analysis comparing the CAPRA-S and CAPRA scores. The y 
axis shows the net increase in the proportion of patients appropriately identified for 
adjuvant treatment. The solid black line represents the strategy involving treating all 
patients with adjuvant therapy (assuming all will experience recurrence) and the solid 
gray line represents the strategy involving treating no patients (assuming none will 
experience recurrence). 

European multi-institutional studies with high accuracy with c- 
indexes ranging from 0.66 to 0.81 (12, 16-19). Another study de- 
monstrated that it predicted recurrence with the PSA doubling 
time, metastasis, and cancer-specific mortality (22, 23). Its su- 
periority over other nomograms has been demonstrated (17, 
24). The pathology results after radical prostatectomy facilitate 
prediction of biochemical recurrence and disease progression, 
so the CAPRA-S score should be better than the CAPRA score 
for deciding which additional treatments might benefit selected 
patients (13, 25-27). 

The c-index for the CAPRA-S score in a European multi-insti- 
tutional study was 0.73 and was higher than for the Stephenson 
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nomogram (20). In our study, the c-index of the CAPRA-S score 
for the 3- and 5-yr progression-free probabilities was 0.76 and 
0.80, respectively. The c-index of the CAPRA-S three risk groups 
was 0.74 and 0.77, respectively. The progression-free probabili- 
ties for each CAPRA-S score was relatively higher in this study 
compared with the SEARCH and Cancer of the Prostate Strate- 
gic Urologic Research Endeavor (CaPSURE) data. We postulat- 
ed that this result was influenced by the low rate of biochemical 
recurrences in our patients (13.8%) compared with the SEARCH 
(33%) and CaPSURE (16%) data. In addition, the small number 
of patients in our study and the unevenly distributed character- 
istics might have influenced the results. Also the present study 
was not a prospective study. Therefore, our study was not rep- 
resentative and had several limitations. Nevertheless, the valid- 
ity of the CAPRA-S score in our study was clear and its useful- 
ness convincing. 

Comparing with preoperative nomograms, the CAPRA score 
was superior (17, 24). We also compared the CAPRA and CAP- 
RA-S scores, which were constructed from similar items and 
patients, and examined whether the performance of CAPRA-S 
score was more accurate. For the three risk groups, the CAPRA- 
S score had significantly (P < 0.001) greater predictive ability for 
the 3- and 5-yr progression-free probabilities (0.74 and 0.77, re- 
spectively) than did the CAPRA score (0.70 and 0.71, respective- 
ly). In the decision curve analysis, both the CAPRA and CAPRA- 
S scores had a better net benefit of appropriately identifying pa- 
tients for adjuvant therapy. The CAPRA-S score traced a more 
ideal curve than the CAPRA score, as no point below the refer- 
ence lines was seen. However, neither was clearly superior. 

Despite the high accuracy of the CAPRA-S score for predict- 
ing the progression of prostate cancer after prostatectomy, Ko- 
rean results, including our study, gave different survival curves 
and progression-free probabilities compared to results using 
SEARCH and CaPSURE data. The first Korean study of the CAP- 
RA-S score found that the survival curves for the progression- 
free probabilities were inconsistent (28). We also obtained simi- 
lar results for inconsistence about survival curve of progression- 
free probabilities using CAPRA-S score. We must consider the 
baseline characteristics of the patients. In the two Korean stud- 
ies including present study, high-risk prostate patients comprised 
35.8% and 25.4% of the total, compared 17% for the SEARCH 
data and for 6.5% CaPSURE (13, 20, 28). Although the Korean 
studies enrolled fewer patients, the race- and nation-specific 
characteristics of prostate cancer should be considered to de- 
velop a more accurate prediction model. Koreans with prostate 
cancer in whom a radical prostatectomy is indicated had poor- 
er characteristics than Americans (29). It is important that a more 
specific prediction model in terms of race and nation be devel- 
oped. Just as no nomograms have shown absolute prediction 
ability, the CAPRA-S score might also need continuous correction. 

Although biochemical recurrence or disease progression does 



not correlate with the mortality of prostate cancer directly, ad- 
juvant therapy might be required given poor pathology results. 
As the decision curve analysis showed, the CAPRA-S score should 
be able to stratify the patients who need adjuvant therapy after 
radical prostatectomy with good predictability more easily than 
CAPRA score. A large-scale study should examine the perfor- 
mance of the CAPRA-S score in stratifying patients who need 
adjuvant therapy. 

Conclusively, the CAPRA-S score, which includes pathology 
results, is a useful predictor of prostate cancer progression after 
radical prostatectomy compared with the CAPRA score. It may 
help clinicians and patients to decide on adjuvant therapy after 
surgery. After further revision according to race or national char- 
acteristics, the CAPRA-S score might also be useful in other coun- 
tries with an increasing incidence of prostate cancer, as in Korea. 
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